1990; Marshall et al. 1993; Smith, Done & Pounds 1993; Ueno et al. 1994) . The scattering material is exposed to the intense nuclear flux, producing ionized line emission of small equivalent width with respect to the direct continuum, but which is greatly enhanced against the weak, scattered component. However, this method of line production is not dominant in the majority of Seyfert 2s, which have smaller obscuring columns of NH ~ 10 22 -24 cm-2 , as measured directly from the low-energy X-ray absorption Mu1chaey, Mushotzky & Weaver 1992; Awaki & Koyama 1993) . These columns completely block the direct optical/UV and soft X-ray flux, but become transparent at energies ;;:;2 keY. Thus, in these objects the hard X-rays can be seen directly through the torus, while the fainter, soft Xray component is assumed to be scattered (or non-nuclear) flux. The Fe KG( line emission is generally at 6.4 ke V, consistent with fluorescence from neutral material, and has a smaller equivalent width than that observed from NGC 1068 Awaki & Koyama 1993) .
Recent progress in understanding the spectra of Seyfert 1 galaxies has concentrated on the idea that the intrinsic Xrays are 'reflected' in optically thick material (T» 1) subtending a substantial solid angle to the X-ray source, probably the putative accretion disc (Lightman & White 1988; Guilbert & Rees 1988; Matt, Perola & Piro 1991) . The reflection albedo is energydependent, as at low energies there are many elements that will photoelectrically absorb any incident flux, so few photons are reflected. However, the albedo increases at higher energies due to the decreasing abundance of the elements required for photoelectric absorption. Iron is the last abundant element that can significantly affect the probability of reflection, leading to a marked absorption feature in the reflected spectrum, together with the associated Fe KG( fluorescence line with a predicted equivalent width of ~ 150 eV with respect to the composite (reflected plus direct) continuum . This characteristic reflection spectrum has now been identified in many active galactic nuclei (AGNs) (Pounds et al. 1990; Piro, Yamauchi & Matsuoka 1990; Fiore et al. 1992; Nandra & Pounds 1994) .
The effects of partially ionized absorption provide further complexity in the spectrum (see Mushotzky, Done & Pounds 1993 and references therein), which may be .the result of transmission of the nuclear flux through the scattering region invoked in the Seyfert 2 model above (Krolik & Kallman 1987) . Elements such as hydrogen and helium are almost completely ionized, while carbon, nitrogen and' oxygen have only the K shell electrons remaining. This imprints a series of ionized edges on the nuclear spectrum, enhancing the low-energy absorption in the 2-3 keY band from the K edge of oxygen and the L edge of iron, and increasing the Fe K edge depth at 8-9 keY. Some of these features have now been seen in Seyfert 1 galaxies (Pounds et al. 1990; Nandra & Pounds 1992; Nandra et al. 1993; Turner et al. 1993a; Nandra & Pounds 1994; Fabian et al. 1994) , and current Seyfert unification schemes imply that similar features should also be present in Seyfert 2 galaxies.
When both reflection and ionized absorption are taken into account, the mean intrinsic power-law spectrum of Seyfert Is has an energy index of G(E ~ 0.9-1.0 (Pounds et al. 1990 ; Nandra & Pounds 1994 ). The best current explanation for this is given in the context of a model proposed by Haardt & Maraschi (1991 , where thermal Comptonization of UV seed photons in an optically thin plasma takes place close to an accretion disc. The hot radiating electrons produce the hard X-ray spectrum, and approximately half of this is intercepted by the accretion disc. As the total reflection albedo is only ~ 10 per cent, the remaining 90 per cent of the incident flux is thermalized in the disc, into soft X-ray/UV emission, which in turn provides the seed photons for Compton cooling of the hot electrons (Haardt & Maraschi 1993) . With complete feedback (e.g. a plane-parallel disc-corona geometry, or small radiating 'blobs' where the reprocessed flux dominates over the local disc emission), where all of the reprocessed photons are available to cool the electrons, then the approximate equipartition between the soft and hard luminosities leads naturally to G(E ~ 0.9-1 (Haardt & Maraschi 1993; Haardt, Maraschi & Ghisellini 1994 ). Such models have also been successful in fitting the rollover seen in the X-ray data above 100 ke V (Zdziarski et al. 1994; Zdziarski et al. 1995) , as well as the spectra of several Galactic black hole candidates Ueda, Ebisawa & Done 1994) .
While spectra steeper than G(E ~ 1 can easily be produced in such models, e.g. either by any residual intrinsic rather than reprocessed soft X-ray/UV emission from the accretion disc, or by radiative transfer effects as the optical depth in the energetic electrons approaches unity, flatter spectra can only be produced in a rather different geometry in which the hard X-ray source is 'starved' of soft seed photons (e.g. Haardt et al. 1994; ). This is not immediately apparent from Haardt & Maraschi (1993) : first, there is a misprint in their discussion section, in which they state that the energy spectrum of the inverse Compton component has a spectral index of G( = 0.9 ± 0.5. In the preprint of their paper (SISSA 26/93/A) this was instead given as G( =0.9 ± 0.05, which correctly describes their model results. Secondly, they do also show some 2-20 keY powerlaw fits to their spectra that are flat, but these include a reflection component and the effects of the anisotropic firstorder Compton scattering (the disc photons are highly anisotropic, so the larger energy transfer and higher collision rate resulting from head-on interactions are emitted towards the disc rather than towards the observer). However, the flattening produced by the anisotropy of dG(E:::;0.2 only affects the first-order Compton scattered spectrum. For electron temperatures of ~ 250 ke V (as inferred from the high-energy rollover, ct. Zdziarski et al. 1994 Zdziarski et al. , 1995 , retical framework in which to interpret such objects. However there is significant dispersion about this mean spectrum, with some objects having apparently fla.t i~trins~c spectra (acE« 0.9), which are difficult to explam m this model (see also Stern et al. 1995) . This is of particular importance as the brightest X-ray Seyfert, NGC 4151, shows an intrinsic spectral index of acE ~ 0.3-0.7 ( fig. 2 of Yaqoob et al. 1993) . Motivated by the predictions of both the unification schemes and the theoretical models for Seyfert spectra, we have re-examined the entire sample of Seyferts with only predominantly narrow lines in their optic~l spec~ra (Seyferts 1.8-2.0, cf. Whittle 1992) . A ~omp~nso.n wI~h previously published results for these objects IS given m Appendix A. Again, the sample is neith~r ~om~geneous ~or complete, and includes narrow-emlsslon-Ime galaxies (NELGs) and narrow-line radio galaxies (NLRGs).
OBSERVATIONS
A total of 39 observations of 36 Seyfert type 2 galaxies were made during the lifetime of the Large Area Counter (LAC: Turner et al. 1989) aboard Ginga (Makino et al. 1987) . Table 1 shows the observations together with the 2-10 ke V integrated count rates. Data were primarily accumulated in the LAC MPC-1 data mode, with full eight-detector identification, full 48-channel resolution and the so-called 'top-' and 'mid-' layers separated. The main exception to this selection procedure was for the latter half of 1990, for which we have rejected 'noisy' data from detectors 5 and 6. The mid-layer data have a lower signal-to-noise ratio, so they do not often provide additional spectral constraints, but they are valuable as a background subtraction diagnostic, as few source counts penetrate below 10 ke V (Hayashida et al. 1989) . The data selection criteria and background subtraction techniques are detailed in Appendix B. One observation (NGC 5643) contained only ~ 400 s of data and could not, therefore, be reliably background-subtracted. These data are excluded from further analysis.
Contamination arising from fluorescence by silver atoms in the LAC collimator complicates the spectral analysis around 22-25 keY; for this reason, our analysis was restricted, in general, to the 2-18 ke V energy range [pulse height analysis (PHA) channels 4-30]. Prior to spectral fitting, the data were corrected for the collimator response and a 1 per cent systematic error added to eachPHA channel, to account for the residual uncertainties in the determination of the instrument response and background subtraction .
The Galactic hydrogen column densities were obtained from Stark et al. (1992) and are listed in Table 1 (see also Elvis, Lockman & Wilkes 1989) . For the 10 galaxies with declinations < -40°, the Galactic column was taken from the GETNH program, run under the XANADU system in which the data are taken from the compilation of Marshall & Clark (1984) .
Fluctuations in the cosmic X-ray background (CXB) contribute a 10" uncertainty in the derived count rate of ~ 0.7 count S-I rms over the full energy range (Hayashida et al. 1989; Butcher et al. 1996) . Thus observations having count rates below the 30" rms fluctuation in the CXB ( ~ 2 count s -I in the range 2-10 ke V for all eight detectors) were excluded. This resulted in a total of 26 detections of 23 galaxies (Table 1) . Those data for which there was a known contaminating source in the field of view (Table 1) were also excluded from the sample, resulting in 21 observations of 16 galaxies (Table 2; here the 1991 observation of NGC 5506 is considered to be four separate observations).
SPECTRAL AN ALYSIS
3.1 Power-law fits and iron line emission
The simplest model spectrum is a power law with both Galactic and intrinsic absorption. However, while all these objects are significant detections, fluctuations in the CXB [which can be described as a power law of index acE = 0.8 and normalization of 5.0 x 10-4 photon cm-2 s-' keV-' at 1 keY giving ~ 0.7 count s-' rms over the full energy range (Hayashida et al. 1989; Butcher et al. 1996) ] can cause significant uncertainties in the spectra of weak sources. Indeed two of the most heavily obscured objects, Mrk 3 and NGC 4507 (Awaki et al. 1990; Awaki et al. 1991; Awaki & Koyama 1993 ), do show negative count rates in the 2-3 keY range (Figs 1a and b) . The mid-layer count rates in the 2-6 ke V range for these sources are ~ 0, confirming that this is not due to over-subtraction of the particle background. The count rate in the most negative PHA channel, for each source, is consistent with a ~ 10" fluctuation in the CXB (Figs 2a and b) .
. In our previous analysis of NGC 1068, which was the only object in this sample without intrinsic a~sorption, the .uncertainties arising from the CXB fluctuatIOns were estImated by refitting the data after the addition (and then subtraction) of a 10" CXB fluctuation spectrum (Smith et al. 1993) . This is an adequate technique for sources with a spectrum similar to that of the fluctuations, but for the highly absorbed spectra considered here it can result in a distorted low-energy spectrum, with a large x 2 contribution from either a negative count rate or an apparent soft X-ray excess. For instance, in NGC 4507, a fit with an absorbed power law and narrow Gaussian line emission at 6.4 ke V (neutral iron, Fe I) gives an unacceptable X 2 of 53 for 23 degrees of freedom (d.oJ.) without the inclusion of a CXB fluctuation. Subtracting a 10" fluctuation spectrum from this gives an even worse fit of l=200, while a positive 10" gives an acceptable fit with l=19.5, and a free fit gives l=18.2 for a 0. 830" normalization (22 d.oJ.) . Thus the spectra themselves constrain the amount of CXB fluctuation that is allowed in the data, so we co-fit the data with the fluctuation spectrum, with the energy index fixed at O.~~ and the no~; malization free to vary between ± 5.0 x 10 photon cm s-' keV-' at 1 keY (i.e. a maximum of ± 10" intensity fluctuation,' see Butcher et al. 1996) . Table 2 gives the results of these fits, where the errors, in this and subsequent tables, are 90 per cent for one interesting parameter, III = 2.7, and include the errors associated with the uncertainties in the CXB.
Many of these sources are known to show evidence for a separate soft X-ray component (see references in Table 2 ). This can be from scattered nuclear flux, extended emission, Mulchaey et al. 1993) , and usually much smaller in magnistarburst components or a combination of all three. In tude than a 10" CXB fluctuation (e.g. in Mrk 3, ROSAT general, this is extremely weak, typically being much less PSPC observations suggest that the soft component contrithan 3 per cent of the unabsorbed AGN flux at 2 ke V (e.g. butes ~O.3 count S-l in Ginga; Turner, Vrry & Mushotzky Awaki & Koyama 1993; NGC 1365 , Turner et al. 1993b IRAS 10329 -1352 , Iwasawa et al. 1993b NGC 4945, Iwasawa et al. 1993a; ESO 103 -G35, 1996MNRAS.280..355S ... Figure 1 . The background-subtracted data for two of the most heavily obscured objects, (a) NGC 4507 and (b) Mrk 3. The 'toplayer' count rates are negative at low energies, but this is not the result of over-subtraction of the particle background, as the corresponding 'mid-layer' points are positive. 1993b). Therefore, the contribution from the soft excess can usually be neglected, as any real excess will be accounted for by the CXB fluctuation fitting procedure. The one known exception to this is NGC 2992 (Singh, Garmire & Nousek 1985; Elvis et al. 1990) , where the extended emission is ~ 15-30 per cent of the unobscured AGN flux. Clearly this will produce a large spectral distortion at 2 ke V, although its spectral shape is not well known so it cannot easily be modelled in the Ginga data. However, the Ginga data also indicate ( Table 2 ) that there is a strong soft excess below 3 keY in NGC 5506 (1991 July 8), ESO 103 -G35 and IC 5063, the intensity of which is much higher than that expected from CXB fluctuations. The soft excess in NGC 5506 is variable as it is not seen in the other spectra of this source, and has been described as partial covering by Bond, Matsuoka & Yamauchi (1993, see Appendix A) . For ESO 103 -G35 (1991 April 12) and IC 5063, however, the soft excess is much steeper than expected in a partial covering ... model and is well described by an ultrasoft blackbody or bremsstrahlung spectrum, which may be indicative of a previously unreported source contaminating the source data. This is especially likely in the case of ESO 103 -G35 where an earlier observation (1988 September 23) showed a large soft X-ray flare which Warwick et al. (1993) suggested as being typical of an RS CVn system or UV Ceti-type flare star. For these three objects, we restrict the analysis to 3-18 ke V (PHA channels 5-30), in which the effects of the soft component are negligible.
In the 21 observations, 12 have < 1 per cent probability of yielding such a large value of l (this increases to 13, if we take the < 5 per cent probability as our criterion). In general, the residuals of such fits are dominated by an excess at ~ 6.5 keY, suggesting a more complex spectral form. Including a narrow, O"K. = 0.1 keY, Gaussian emission line component at 6.4 keY (all energies are in the source restframe) gave substantially improved fits to the data, being detected at the > 99 per cent confidence level in 17 observa-tions of 12 galaxies (Table 3a) . The simple absorbed power law plus cold narrow Gaussian emission line is a good description of the sample, being unacceptable at the > 99 per cent level in only four observations of three galaxies, NGC 1068, Mrk 3 and NGC 5506. In the case of Mrk 3, there is evidence for a complex spectral shape in the lowest PHA channels, which could be explained in terms of partial covering or an emission line at ~ 3 ke V. Whilst line features at this energy have been seen in the recent ASCA spectrum of this source , fluorescent lines from argon K (3.1 keY) and xenon L (4.8 keY) present in the background spectrum may also contribute. Given the spectral and/or background uncertainties, we ignore these data for the remainder of this paper.
The weighted mean energy index for the power law plus cold line fits (Table 3a which includes both the intrinsic dispersion and that owing to measurement errors (Bevington & Robinson 1992) . As the latter is small, with a weighted average of 0-= 0.05, where
there are true differences in the energy index within the sample in this model description (note that this is not the weighted average of the 1(J errors, but that of the 90 per cent confidence limits). Excluding NGC 5506, which dominates our sample, the weighted mean is IXE = 0.72 with rms deviation (J of 0.08 and average error 0-of 0.08, so the intrinsic dispersion is not dependent on the well-measured spectrum of the brightest object. Nandra & Pounds (1994) used a maximum likelihood estimator based on the method of Maccacaro et al. (1988) a Normalization represents the flux of the power-law continuum at 1 keVin units of 10-3 photon cm-2 s-'. b Over the range 2-18 ke V. cMeasured column expressed in units of 10 2 ' cm-2 • dNormalization represents the flux of the fluctuation spectrum at 1 keY in units of 10-4 photon cm-2 s-'. COver the range 2-10 keY.
[Flux expressed in units of 10-11 erg cm-2 s-'. g X 2 with the inclusion of channel 4 (see text). b Separate soft X-ray component (Mrk 348: MuIchaey et al. 1993; NGC 1068 : Elvis & Lawrence 1988 Marshall et al. 1993; Veno etial. 1994; NGC 2110 : Turner & Pounds 1989 Weaver et al. 1995a; Mrk 3: Turner et al. 1993b; Iwasawa et al. 1994; NGC 2992 : Singh et al. 1985 Elvis et al. 1990; MCG-5-23-16 WK"
Mrk 348 which the sample is drawn. Applying this to our data gives acp=0.74 ± 0.08 and O"p=0.20~g:~~ including NGC 5506, or acp = 0.68 ~g::~ and O"p = 0.23 ~g:~~ excluding it. These values are in good agreement with the indices found from simple power-law fits to the data in bothHEAO-l (Mushotzky et al. 1980) and EXOSAT (Turner & Pounds 1989 ) mediumenergy (2-10 ke V) spectral surveys, and that of the (predominantly) Seyfert 1 sample observed by Ginga (Nandra & Pounds 1994 ). The 6.4-ke V line energy is consistent with fluorescence of cold material; thermal line emission from a hot plasma, as observed in e.g. a starburst, would be expected to occur at a higher energy of ~ 6.7-6.9 keY, depending on the temperature of the emitting gas (e.g. Pravdo et al. 1980) . From Table 3b , it can be seen that a warm line is preferred at the > 95 per cent level in NGC 526A, NGC 1068, and both observations of MCG-5-23-16 (one at the > 99 per cent level). While this may indicate real warm line emission (as in NGC 1068), it may also be an artefact of spectral complexity as the derived line energy is a function of the assumed continuum model in data with poor spectral resolution.
From Table 3 (a), the weighted mean 6.4-keV line equivalent width (excluding NGC 1068) is W = 180 e V, with rms dispersion of 89 eV and mean error u=52 eV (maximum likelihood values ofWp=200~~ eVand O"p=90~~~ eV). This is somewhat larger than, although statistically consistent with, the line observed in the predominantly Seyfert 1 sample of Nandra & Pounds (1994) . All objects, with the exception of NGC 1068, show substantiallow-energy absorption above the Galactic value; the intrinsic absorbing column varies from a few times 10 22 cm-2 to several times 1023 cm -2 (Fig. 3) . The line equivalent width is plotted against the observed absorption column in Fig. 4 (errors are 90 per cent for two interesting parameters, Al=4.61). Overlaid on these data is the expected fluorescence line equivalent width from complete covering of the source by this column for illumination by a power-law source with acE =0.7 (dashed line; Nandra et al. 1991) . Even for the heavily absorbed sources, the measured line equivalent widths'~are somewhat larger than predicted by the observed column even for complete covering, and the discrepancy is substantially larger for sources with lower column densities. Clearly the observed column is not the only source of line-emitting material unless the abundance of iron is substantially higher than solar.
Neutral reflection models
Line emission in exce~measured low-energy absorption is a feature of Seyfert 1 spectra, and is generally attributed to reflection from optically thick material out of our line of sight to the source. If the reflecting material is highly inclined to the line of sight then the contributions of both the reflected continuum and the line emission are suppressed, owing to the larger path length (and so greater photoelectric absorption probability) required to escape from the material after the reflection event Matt et al. 1991; Ghisellini, Haardt & Matt 1994) . However, this suppression is a rather slow function of inclination for angles less than 60°, and the shape of the reflection spectrum below 20 ke V is relatively independent
22.5 23 23.5 24 Log NH (em -2) Figure 3 . A histogram of the best-fitting low-energy absorption column densities, excluding Galactic column densities, for the sample (except NGC 1068, where there is no evidence for absorption).
of the inclination angle. Thus, while reflection may playa somewhat smaller role in Seyfert 2 galaxies than in Seyfert 1s, if the orientation-dependent unified theories described in the Introduction are correct, it may still have an appreciable effect, especially as there is also the possibility of an additional reflection component from optically thick parts of the molecular torus Krolik, Madau & Zycki 1994) .
Thus, we consider a model consisting of a power law, lineof-sight absorption, and reflection from neutral, solar-abundant material (Lightman & White 1988) , as implemented in the PLREF model within the XSPEC spectral fitting package (Shafer et al. 1991) . The free parameters of this model are the normalization,Apl, and energy index, acE' ofthe primary power law, the normalization of the reflected component, A rer, and the low-energy absorption, NH (we also co-fit the CXB fluctuation spectrum with normalization Aftuct). The relative normalization, 9l, between these two spectral components is allowed to be a free parameter: 9l =Arer/ApI = 1 is equivalent to an inclination i = 60° for solar abundance, iso~ tropic emission, and flat D./21t = 1 geometry . Self-consistent line emission, at 6.4 (Fe Kac), was included as a narrow Gaussian of equivalent width ~ 1300 e V with respect to the reflection continuum Zycki & Czerny 1994) . This corresponds to an approximate iron Kac equivalent width of ~ 1009l e V with respect to the power law plus reflection continuum. The Fe Kac emission will be accompanied by much smaller lines, again modelled by narrow Gaussians, at 7.05 (Fe Kf3) and 7.50 keY (Ni Kac), with equivalent widths ~ 130 and ~ 65 e V with respect to the reflection continuum, respectively, which were also included to make the model as close as possible to that of the Monte Carlo results used by Nandra & Pounds (1994) . This reflection model then has the same number of free parameters (excluding detailed geometrical considerations) as the power law plus narrow Gaussian line parametrization considered previously. Table 4 gives the results of these fits: we have not fitted NGC 1068 since there is evidence for emission from both ionized and neutral iron (Marshall et al. 1993) , and the Ginga data have already been well described (Smith et al. 1993). The improvement in l with respect to the simple power-law model is significant at the > 99 per cent level in 15 observations of 10 galaxies (a neutral iron line was detected in all these observations). Reflection provides a better fit to the data than does the simple power law plus 6.4-keV line in 11 of these observations. However, we cannot directly use this to accept or reject the hypothesis that the reflection is a correct description of the data; we can only state that it may be more or less likely than a simple power law plus line model to be the correct model. We do this by calculating the ratio of likelihoods for the reflection versus the simple power law plus neutral line model. This likelihood ratio is 'the ratio of the frequencies with which, in the long run, the two hypotheses will deliver the observed data' (Edwards 1972) . The ratio of likelihoods,
, where X~ and X~ are the chi-squares for fits to models 1 and 2, respectively. Hence the large reduction in l, over the simple power-law fit, for NGC 5506 suggests that this source is best described by reflection. However, in both NGC 2110 and MCG-5-23-16, the larger X2 obtained for the reflection fit suggests that this is ~ 4-10 times less likely to be the correct description of the data than a simple power law plus line. In many sources the simple power law plus line fit is as valid as reflection: e.g., NGC 2992 can be modelled equally well by an enhanced reflection component, f!Il ~ 3 and index (XE ~ 0.9, or with a rather flat power law of index (XE ~ 0.6 plus narrow Gaussian emission line with no contribution from reflection. The energy index and amount of reflection are strongly correlated, with a large hard reflected spectral component requiring a steeper intrinsic index in order to fit the overall shape of the spectrum.
Neutral reflection plus ionized absorber
Following Nandra & Pounds (1994), we next consider the effects of ionized absorption on the spectrum. Additional absorption edges at energies greater than that expected from neutral material have now been seen in several sources (e.g. MCG-6-30-15, Nandra & Pounds 1992; NGC 5548, Nandra et al. 1993; NGC 3783, Turner et al. 1993a) , and are identified with a substantial column, ~ 10 21 -23 cm -2, of partially ionized material. The series of L edges from iron, and the K edges from oxygen, silicon and sulphur, flatten the spectrum below ~ 5 ke V, but not in a way that can be fitted by a neutral absorption column. The unification models suggest that Seyfert 2 galaxies have an obscured optical/UV broad-line region, and so require a substantial column of dust in the line of sight of these objects. Thus, for standard gas-to-dust ratios, we also expect a substantial gas column in the line of sight, although the gas itself provides little optical/UV absorption as it becomes optically thin to photoelectric absorption at energies below the hydrogen edge. If the ionized absorber were also dusty, then it could still have substantial UV opacity (so explaining the lack of UV emission and strong Balmer decrement) whilst retaining the complex X-ray absorption shape . Accordingly, we replace the cold absorption column with an ionized column, introducing the ionization state of the material as the single new free parameter. Here, the ionization state is determined by the ionization parameter, ~ =L1ner2, where L is the source luminosity integrated from 5 eV to 300 keY, ne is the electron density of the material and r is its distance from the source of X-rays (see Zdziarski et al. 1995 and Done et al. 1992 for details). The ionization parameter defined in this way is, for an energy index of (XE = 0.7, a factor of 2 larger than that defined by Kallman & McCray (1982) , who use a smaller bandpass from 13.6 eV to 13.6 keY to calculate the luminosity. The temperature of the medium is kept at 10 5 K (see Krolik & Kallman 1984) . The inclusion of this one extra parameter, the ionization state of the obscuring material, was significant at the ~ 95 per cent level (oneparameter F-test greater than 4.3) only for NGC 2992. However, this is the object with the known strong extended soft X-ray excess, and an equally valid description of the data is given by a partial covering model to produce a soft X-ray excess, in which the unobscured continuum accounts for a flux of 11.4 x 10-12 erg cm-2 S-1 (0.1-3.5 keY; corrected for Galactic absorption). In comparison, Elvis et al. (1990) report that, in the Einstein HRI observation of NGC 2992, the X-ray flux in the resolved emission is (2.5-11.6) x 10-12 erg cm-2 S-1 (0.1-3.5 keY; corrected for Galactic absorption). Thus, we can attribute the decrease in l as being entirely due to the extended soft X-ray emission in these data.
Similarly, an ionized absorber in addition to a cold column is not required at ~ 95 per cent confidence in any of the data sets (two-parameter F-test). We conclude that there is no requirement for any ionized material along the line of sight (but see Section 6), and that all of the objects fitted here show considerable cold absorption over and above that expected from the column through our own Galaxy. This is strong evidence for the existence of an obscuring screen between us and the active nucleus. In most of these sources the galaxy inclination (e.g. Whittle 1992 ) is insufficient to produce the observed column from the host galaxy of the active nucleus, thus providing strong evidence for the existence of substantial amounts of obsooration on small scales in the central regions -the putative molecular torus. The one exception to this is NGC 5506, where the host galaxy inclination is i ~ 90° and the column is only ~ 4 x 10 22 cm -2. For a standard gas-to-dust ratio (Gorenstein 1975) this corresponds to Av ~ 10-20. This is compatible with the columns seen through edge-on spiral galaxies (Wainscoat et al. 1989; Aoki et al. 1991 ) and through our own Galaxy (Rieke & Lebofsky 1985) . Thus some, if not all, of this absorption should be associated with the line-of-sight column through the host galaxy rather than with a molecular torus. This is supported by the rather large amount of reflection seen in all observations of this object, which suggests that we are viewing the accretion disc face-on if solar abundances are appropriate (Tables 4 and 5 ). Without the attenuation of the host galaxy, it is not clear that NGC 5506 would be described as a Seyfert 2.
Neutral reflection plus line emission
The reflection fits described above only allow the iron line to be produced from the reflecting material. In practice, the strong absorption columns detected in some Seyfert 2s should also provide some contribution to the fluorescent line emission. Furthermore, the fluorescent line emission in NGC 4151 is inconsistent with an origin in terms of reflection (Maisack & Yaqoob 1991; Yaqoob et al. 1993 ). Thus, in order to test the relevance of the reflection component, an appropriate model would be a power law plus both reflection (with its associated line emission) and an additional narrow Gaussian line at 6.4 keY. The results of such fits are shown in Table 5 : again, we have excluded NGC 1068 from the spectral fitting. The additional iron line is significant at > 95 per cent confidence in MCG-5-23-16 (1988 December 5) and at > 90 per cent confidence in NGC 2110 and IRAS 18325 -5926, with the reflection component no longer required in the spectral fit. These data are best described by a model in which a large proportion of the iron line emission may not be associated with a neutral reflection component, but all these objects have rather small observed cold column densities, which are by themselves insufficient to produce the observed line emission (80 eV of line requires 41t complete covering of the source by a column of 10 23 cm -2 of solar-abundance material, see Fig. 4 ). Interestingly, for NGC 7172 the opposite problem occurs, with line emission less than 30 e V being detected from a source with an observed column of 10 23 cm -2. Thus in this source the additional cold material subtends an angle less than ~ 21t with respect to the central source (assuming solar abundances, and that the observed flux is representative of the mean source flux over the light traveltime to the absorber).
The weighted mean energy index for the power law, reflection plus cold line fits (Table 5) Nandra & Pounds 1994). However, from the above, it is also clear that true differences exist within the sample in this model description, and we note that a similar dispersion was detected in the sample of Nandra & Pounds (1994) , even in their more complicated fits. In Fig. 5 we show a histogram of the energy indices derived from these fits for each of the 19 observ}tions (dashed line) and each of the 14 objects (solid line), where the binning is L1(XE = 0.1. It can be seen that the (XE = 1.0 peak is dominated by the multiple observations of NGC 5506, and the individual objects are broadly consistent with a large range of intrinsic indices, with many of the sources having a best -fitting energy index of (XE;S 0.7 (e.g. NGC 526A, NGC 2110, NGC 4507 and MCG-5-23-16) and one source (IRAS 18325 -5926) having a very steep index of (XE;G 1.4.
The average amount of reflection that we expect from a face-on, cold, solar-abundance accretion disc corresponds to 1.32~. Hence, from unification schemes, we might expect (maximum likelihood values of ~p = 1.20 ~g:;; and intrinsic dispersion O'p = 0.6 ± 0.35). These values are consistent with those in Nandra & Pounds (1994) ; note that their reflection spectrum is normalized to face-on rather than to the angleaveraged value so their numbers should be multiplied by a factor of 1.32 for comparison with those given here. However, the dispersion in the amount of reflection is significant in our sample, with O'p ~ 0.1 at 90 per cent confidence. These dispersions can be seen more clearly in contour plots, as the tabulated errors in Table 5 are not independent because of the strong correlation between the amount of reflection and the derived spectral index. Thus, for each of our sources, the projected confidence regions in the rxc~ plane are shown (Fig. 6) . As previously mentioned, the data are co-fitted with the 10' CXB fluctuation spectrum. This makes the required confidence region difficult to compute in most cases. However, in general, both the energy index and the strength of the reflection spectrum remain largely © 1996 RAS, MNRAS 280, 355-377 unaffected when a ± 10' CXB fluctuation is added to and subtracted from the data (~rxE:S; 0.1). Hence, we choose not to include the CXB fluctuation spectrum when generating the confidence regions. Only a few objects have spectra clearly consistent with the mean (and with the predictions of the disc-corona models where rxE ~ 1, e.g. NGC 5506, 7172 and 7314), while many more are better fit by a flatter intrinsic energy index. Some of these flat -spectrum objects cannot be described by a power law of index rxE ~ 1 (e.g. NGC 526A, NGC 2110 and MCG-5-23-16); hence, neutral reflection alone is insufficient to allow these objects to be interpreted in the theoretical framework of Haardt & Maraschi (1993) . Other objects can only have an index of rx E ~ 1 with the addition of large amounts of reflection,
g. NGC 2992 and 4507). Time delay effects can
give apparently large reflection components, but this requires a substantial decrease in the continuum luminosity just before the Ginga observations. Other sources of reflection include the contribution from an optically thick molecular torus (Ghisellini et aI. 1994; Krolik et al. 1994 sion directed preferentially towards the putative accretion disc (Ghisellini et al. 1991) .
Ionized reflection
Ionization of the surface of an accretion disc changes both the reflection continuum (Lightman & White 1988 ) and the expected line equivalent width (Matt, Fabian & Ross 1993; Zycki & Czerny 1994) . A factor of 3 increase in the line equivalent width can be achieved fom both the larger fluorescent yield of highly ionized iron and the smaller contribution to photoelectric absorption from elements lighter than iron. The changing shape of the reflecting continuum could also give a misleading fit when modelled by reflection from neutral material. The data for NGC 526A and MCG-5-23-16 (both observations) prefer a warm iron line in the simple power law plus line fits (Table 3b) , which suggests an interpretation in terms of ionized reflection.
The data were therefore tested with a model including a power law, a narrow Gaussian emission line constrained in energy to between 6.4 and 6.9 keY, and reflection from ionized, solar-abundance material (Lightman & White 1988; Done et al. 1992) as implemented in the PLIREF model within the XSPEC spectral fitting package (Shafer et al. 1991) , together with neutral absorption in our line of sight. The ionization is defined as in Section 3.3, and we assume the abundances of Morrison & McCammon (1983) . Here, we have not tied the line normalization to the reflection component, so the line equivalent width is not calculated self-consistently. As the ionization parameter is only a weak function of the temperature (Kallman & McCray 1982) , we fix the temperature of the reflecting material to be 10 4 K. Thus, this description of the data has two more free parameters than the power law plus free line or reflection plus cold line models.
The inclusion of ionized reflection in the free line energy model was not significant for NGC 526A and MCG-5-23-16, the two objects in which a simple power law plus line fit indicated that the line was significantly ionized. However, a reasonable amount of ionized reflection is consistent with the data (Table 6) , and for NGC 526A this may be a viable way to produce the observed line emission. However, this is not the case for MCG-5-23-16 (1988 December 5) although this is not immediately obvious from Table 6 . The tabulated errors, again, are not independent; there is a correlation between the amount of reflection and its ionization state, as the iron K edge in the reflection spectrum is more prominent for progressively higher ionization states of iron (e.g. Matt et al. 1993) . The lack of a significant edge in the data means that the upper limit of ~ '" 1.6 is only allowed for neutral reflection, while the larger edge predicted from an ionized reflection spectrum gives a rather smaller upper limit on the amount of reflection that can be present. In MCG-5-23-16 (1988 December 5) the material would have to be highly ionized in order to explain the large equivalent width (see fig. 1 of Matt et al. 1993) . However, when we constrain the line energy and ionization parameters to values consistent with helium-like iron (in order to produce the maximum line emission), the amount ofreflection allowed by the data is ~ '" 0.5 which is a factor of 2 lower than that required to produce the observed line emission (as also shown by . However, irrespective of whether ionized reflection is present or not, the intrinsic spectrum is rather flat in both NGC 526A and MCG-5-23-16 (1988 December 5) , as ionized reflection is not as hard a spectral component as neutral reflection, owing to the enhanced low-energy reflectivity.
Ionized reflection is detected at the > 95 per cent level (two-parameter F-test) in NGC 5506 (1988 July 19 and 1991 July 7), IRAS 1832 -5926 and NGC 7314, with best-fitting X 2 values of 18.0, 7.4, 9.8 and 9.7, respectively (Table 6) . None of these sources required an iron line at an energy inconsistent with neutral material, and the reduction in l for both NGC 5506 and NGC 7314 comes from the decoupling of the line equivalent width from the reflection. Both objects prefer an enhanced neutral reflection component, with ~ '" 2-3, together with a reduction in the line equivalent width from that expected from such a large amount of .:
.:
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.... reflection. This is unlikely to be due to abundance effects, as it would require that iron was underabundant in these sources , while all known abundance gradients in spiral galaxies suggest that the nuclei should be enriched in heavy elements with respect to solar (e.g. Vila-Costas & Edmunds 1992). It is more likely to be indicating that the line is intrinsically broad, as would be expected from an accretion disc, so that our narrow-line fits shall consider a few selected objects, in particular those with unusual intrinsic energy indices.
THE FLAT-SPECTRUM SOURCES

Ionized absorption, neutral reflection plus line emission
While none of the flat -spectrum sources requires an ionized absorber in addition to the cold absorber (see Section 3.3), if such a component were present then its effect would lead to both an apparently flat spectrum and an underestimate of the total amount of line-producing material. Therefore, we re-derive the energy index of the power law in our flatspectrum sources, in light of the 'warm' absorber model outlined above. We have fitted the data to a model consisting of a power law and reflection (with its associated line emission), together with both ionized and neutral absorption in our line of sight. We have included additional narrow Gaussian line emission fixed at 6.4 keY. In this model, the hard X-rays are viewed through an ionized absorber located inside cold material, possibly in the form of a molecular torus. Initially, we fixed the power-law slope to be IXE = 1.0, close to the mean energy index of our sample, and as predicted by current theoretical models (see Introduction).
In 
Ionized absorption, ionized reflection plus line emission
Similarly, although none of the flat-spectrum sources requires ionized reflection in addition to a free iron line (see Section 3.5), the presence of such a component would lead to a misleading fit when modelled by reflection from neutral material. Therefore, we have fitted the flat-spectrum sources with the model consisting of a power law and narrow Gaussian emission line constrained in energy to between 6.4 and 6.9 keY, together with both neutral and ionized absorption in our line of sight. Again, the line normalization is not tied to the reflection component and the power-law slope is fixed at IXE = 1.0. Again, the disc temperature is fixed at 10 4 K.
The best-fitting l values obtained with such a model are 17.6, 23.8 and 21.9 for NGC 526A, NGC 2110 and MCG-5-23-16, respectively, with the ionization parameter of the reflection material consistent with neutral material. In all three objects, the simple power law plus free line fit (Table  3b , with X2 values of 12.8, 18.0 and 16.9 respectively for one less free parameter than in the complex model described above) is a better description of the data than this complex model of a power law with IXE = 1.0, ionized reflection (9i!~1-6) and ionized absorption (NH~0-lOZ3 cm-2 and ~ ~ 0_10 3 ). Again, in Figs 8( a )-( c) , the dashed lines show
Energy Index a Figure 7 . The projected confidence region in IXE for the ionized absorption, neutral reflection plus line emission fits to the rather flat-spectrum objects. (a) NGC 526A. The power law with IXE -0.5 plus single line model is a much better description of the data for NGC 526A (AX 2 -19) than the complex model of a power law fixed at IXE = 1.0, its enhanced reflection spectrum (91-3) and an ionized absorber (NH -7 x 10 22 cm-2 and ~ -800). (b) NGC 2110. The power law with IXE -0.7 is a much better description of the data (AX2 -16) than the complex model of a power law fixed at IXE = 1.0, its reflection spectrum (91-I) and an ionized absorber (NH -6 x Ion cm-2 and ~ -100). (c) MCG-5-23-16. Although the simple power law with IXE -0.5 plus single line model is a slightly better description of the data (Ax'= 1.3) than the complex model of a power law fixed at IXE = 1.0, its enhanced reflection (91-4) and an ionized absorber (NH -1023 cm -2 and ~ -600), a flat power law of index IXE -0.5 is still preferred.
""" how i decreases if a lower intrinsic energy index is allowed.
The solid lines show the corresponding decline in X 2 without the warm absorber component. In all cases, the inclusion of ionized absorption and reflection leads to a decrease in X2 of only ~ 1-3 compared with that for the simple power law plus free line fit, indicating that these components are not required by the data.
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Unobscured neutral reflection
Another source of reflection is the contribution from an optically thick molecular torus Krolik et al. 1994) . Such a reflection component may be seen directly, rather than through the obscuring material of the torus, and would be expected to provide more counts at lower energies, leading to an under-estimation both of the absorption column and of the energy index (Reynolds et al. 1994) . A prerequisite for this model is that the observed low-energy column must be very large (NH» 10 23 cm-2 ) in order for this to be substantially different from the previous description of the reflection spectrum.
We have fitted the data for NGC 4507, a heavily obscured object requiring enhanced reflection for !XE = 1.0, to a model consisting of a power law and a narrow Gaussian emission line at 6.4 ke V together with neutral absorption in our line of sight and a reflection component viewed only through the Galactic column; initially, we froze the energy index at a value of 1.0. In the reflection continuum, we have included the K!X fluorescence lines of Si, S, Ar, Ca, Cr, Fe and Ni as a series of narrow Gaussian emission lines (these lines .are important because the reflection component is seen directly: Reynolds et al. 1994 ). These are the most abundant elements with K shell lines in the observed X-ray band. Only the K!X lines have been considered, with the exception of iron for which both K!X and Kf3 are considered. As before, the equivalent width of the Fe K!X line was fixed to be 1300 eV, with respect to the reflection continuum. The equivalent widths of the other lines scale with the relative abundance, A, and fluorescent yield, FY, to give where X is the element concerned. Cosmic abundances are assumed (Morrison & McCammon 1983) , with the fluorescence yields taken from Bambynek et al. (1972) and line energies from Vaughan (1986) .
Assuming that the accretion disc and molecular torus are optically thick, we may expect a contribution to reflection from both of these structures. The absorption of the direct X-ray component constrains the solid angle of the unabsorbed reflecting material to Q/21t < 1, i.e. PIt ~ 1-2, assuming that the hard X-ray source is central.
For NGC 4507, this model with !XE = 1.0 gives PIt ~ 0.8, a much lower amount of reflection than that required by the previous models (Fig. 6 ) and consistent with that expected above. However, this has X2 = 25.0, rather higher than that obtained from a simple flat power law and cold line (X 2 =15.9). Fig. 9 shows how, even for this model, X2 decreases as a lower energy index is obtained, with its best fit for !XE = 0.3 and no reflection. The inclusion of ionized absorption, in addition to that from neutral material, reduces the best-fitting i to 20.9 for !XE = 1.0, still worse than the power law plus cold line fit.
NGC 526A, NGC 2110 and MCG-5-23-16 , the three flatspectrum low-absorption sources, were poorly fitted by this model, with best-fitting X2 values of 38.4, 42.0 and 30.5 respectively. These values of X2 are substantially larger than those obtained from the simple flat power law plus cold line fits, i.e. 15.6, 18.3 and 22.3 respectively. Further, the data require qJ to be -1-5, whereas the column density is only a few times 10 22 cm-2 • We consider, therefore, that this model is less plausible than the simple power law plus cold line for these objects, and is rejected at the > 98 per cent level in both NGC 526A and NGC 2110.
THE STEEP· SPECTRUM SOURCE IRAS 1832-5926
The X-ray spectrum of IRAS 18325 -5926 was shown to be very steep, with an energy index of Q(E -1.4 (l = 18.1), inconsistent with Q(E = 1.0, and no significant narrow iron line emission. The inclusion of an additional iron K-edge, constrained to between 7.1 and 9.29keV, decreases lby 8.6 to 9.5 for an energy index Q(E = 1.31 ~g::~, edge energy E Fe -9.29 ke V, and column density N Fe -420 X 10 16 .52 cm -2, which is significant at the > 99 per cent level (two-parameter F-test). The K edge energy is required to be greater than 8.7 keY (.1l=2.7) , consistent with helium-like (Fe xxv) or hydrogen-like (Fe XXVI) iron. This gives the same l as the ionized reflection spectrum fits discussed earlier; There is no significant narrow KQ( line, with the equivalent width < 140 eV at 6.4 keY (.1l=2.7) , so its energy is also unconstrained. Awaki & Koyama (1993) suggested that the spectrum may be interpreted in terms of an optically thin thermal model, such as a bremsstrahlung of temperature kT -8 keY, as seen in starburst galaxies. The hard X-rays are highly variable, however, with changes in luminosity of L -5 X 10 43 erg s -1 (assuming a Hubble constant of Ho = 50 km S-1 Mpc-1 ) in time-scales of only t -1500 s (Awaki 1991) . For a bremsstrahlung model of this temperature, the source variability must be less than .1L -< 4.5 X 10 36 erg S-1 M (Rybicki & Lightman 1979) , which is much lower than that observed. When fitted to an optically thick Comptonization model of cool photons on hot electrons (Sunyaev & Titarchuk 1980) , as implemented in the COMPST model within the XSPEC spectral fitting package (Shafer et al. 1991) , l reduces by 5.1 to 13.0 for a temperature kT -3 keY and optical depth'! -10; this increases to 29.0 without the low-energy absorption. An alternative description of an exponentially cut-off power law gives l= 12.8 for Q(E -0.8 and characteristic energy Ec -10 keY.
There is strong evidence that the spectrum of IRAS 18325 -5926 shows a considerable deficit of high-energy photons below that predicted by a simple power law. The best statistical description of this is a helium-to hydrogenlike iron edge, which could be produced either from material in the line of sight (ionized absorber) or from highly ionized reflection. The ionized absorber seems rather unlikely on physical grounds, because of the very high ionization parameter required to produce this from such a steep spectrum. However, if the source were accreting at close to the Eddington limit, then the accretion disc would be expected to be strongly ionized , and the steepness of the intrinsic power law could also be explained (see Discussion).
o NGC 4507 (1990-Jul-06) t') 10 ..... Figure 9 . The projected confidence region in IXE for the unobscured reflection fit to the data for NGC 4507.
NON· SOLAR ABUNDANCES
Many intrinsically absorbed AGNs show evidence for iron K edge features in addition to those expected from photoelectric absorption in neutral solar-abundance gas (e.g. Cen A, Wang et al. 1986; NGC 4151, Yaqoob et al. 1993; NGC 7582, Warwick et al. 1993) , and these have been interpreted in terms of an enhanced iron abundance relative to the light elements which contribute to the bulk of the opacity at low energies (e.g. C, 0, Si, S, Ar). Alternatively, the iron K edge expected from any reflection spectrum will lead to a pseudo-edge in the total (direct plus reflection) spectrum and an over-estimation of the true iron abundance. The depth of the iron K edge imprinted on an incident plus reflected spectrum is equivalent to that produced by NH :$8 x 10 22 cm-2 for Q(E=0.7 and an accretion disc observed face-on . When fitted to a model consisting of a power law, neutral absorption with a variable iron abundance (contributions to opacity from both the Land K components are included), and an additional narrow Gaussian line emission at 6.4 keY, three objects (NGC 5674, all show evidence for an iron column equivalent to NH > 10 23 cm-2 , rather larger than that expected of reflection from a neutral accretion disc observed face-on (Table 7) . The improvement in l with respect to the simple power law plus 6.4-ke V line model is significant at the -99 per cent level in NGC 5674 and ESO 103 -G35, and at the -90 per cent level in NGC7172.
However, for NGC 5674 alone, a variable iron abundance provides a better fit to the data than does the Compton reflection model (cf. Table 5 ; the variable iron abundance model has the same number offree parameters as the power law, reflection plus 6.4-keV line model). This larger reduction in X 2 , for the variable iron abundance model, suggests that reflection is -25 times less likely to be the correct description ofthe data. However, from unification schemes, we expect some reflection to be present in these data. Thus, in order to test the relevance of an over-abundance of iron, an appropriate model would be a power law, narrow Gaussian line emission at 6.4 ke V plus both reflection, with its associated line emission, and neutral absorption with If the absorbing material is photo ionized by the continuum flux from the nucleus of the AGN, then the reduced opacity of the light elements can lead to an apparent overestimation of the iron abundance (e.g. Yaqoob & Warwick 1991) . Accordingly, the cold absorption column, with variable iron abundance, is replaced by an ionized column, introducing the ionization state of the material as the single new free parameter. As above, the data for NGC 5674 still require a cold column with excess iron in order both to suppress the low-energy absorption and to match the iron K edge. Unfortunately, for NGC 7172, the data were unable to support such a test, but this model still gives a worse fit than does Compton reflection. However, the reduction in l to 11.8, for ESO 103 -G35, suggests that ionized absorption is as good a fit as the reflection plus line model. The apparent variations in the absorption column in this source (Warwick, Pounds & Turner 1988 ) could be interpreted in terms of either changes in the ionization state of the material surrounding the X-ray source (and if this material sub tends a large solid angle to the source then the iron line may be produced solely in terms of fluorescence) or differing contributions from a possible contaminating source ). (i.e. 68, 90 and 99 per cent confidence for two interesting parameters). The best-fit is for IXE ~ 0.5, no reflection and an iron abundance A ~ 10 times solar.
DISCUSSION
The currently popular unification schemes for Seyfert galaxies require strong obscuration of the nucleus in type 2 objects (Antonucci 1993 and references therein) . In this sample of Seyfert 2 galaxies, all the objects require cold absorption much greater than the Galactic column, with the exception of NGC 1068 and perhaps ESO 103 -G35, where an ionized column is detected. The large range in observed column density is more than can be explained by orientation effects, so that the torus is not the same from object to object (Mulchaey et al. 1992) , and is probably optically thin to electron scattering (and infrared emission: Pier & Krolik 1992) in most of our sample. The mean spectral index of our (heterogeneous) sample of predominantly narrow-line objects is the same (within errors) as that of the predominantly broad-line objects in the (heterogeneous) sample of Nandra & Pounds (1994) , again supporting orientationdependent unification schemes.
The obscuring material will produce some component of the iron KIX emission line. The opening angles of the ionizing cones of optical and UV radiation are -30° (e.g. Pogge 1988) , suggesting that the molecular torus subtends a solid angle close to 41t. This gives a predicted iron KIX line of equivalent width -80 e V from a column density of _ 1023 cm-2 • However, in general the observed column is much smaller than that required to produce the observed line emission, implying some other line-producing region. Given the Seyfert 1 results (Pounds et al. 1990; Nandra & Pounds 1994) , this is most naturally associated with reflection from the accretion disc. With the addition of a reflection continuum, the mean spectral index is IXE ~ 0.9-1 with a significant dispersion in intrinsic spectral shape within the sample of L\IXE -0.2, again similar to that derived for the predominantly Seyfert 1 sample of Nandra & Pounds (1994) . Objects consistent with the mean (such as NGC 5506, ESO 103 -G35, NGC 7172 and NGC 7314) have spectra which probably contain modest amounts of reflection, f!ll-1-2 as expected from a flat, solar-abundance accretion disc inclined at -60°; this can explain the observed iron line emission, overlaid on an intrinsic spectrum of IXE -0.9-1. These sources have an underlying intrinsic power-law spectrum which can be produced within the disc-corona reprocessing models, where the (non-reflected) hard X-ray photons illuminating the disc are thermalized, producing UV/soft X-ray emission that is all re-intercepted by the hot electrons in the emission region (e.g. Haardt & Maraschi 1993) . Models in which the soft photons are upscattered by relativistic e ± pairs with a non-thermal distribution cannot be excluded from the X-ray data alone (Zdziarski et al. 1990 ), but these have difficulty in matching the (admittedly few) higher energy X-ray spectra of Seyfert Is (Zdziarski et al. 1994 (Zdziarski et al. , 1995 .
The spectrum of one object, IRAS 18325 -5926, is much steeper than that of the other galaxies in the sample, and the data show evidence for further steepening of the spectrum at higher energies which is most probably associated with ionized reflection. Recent evidence for a class of such intrinsically steep-spectrum sources has emerged (e.g. Boller et al. 1993; Brandt et al. 1995; Pounds, Done & Osborne 1995) , but these can be produced within the thermal Comptonization radiation models described above if the sources are accreting at close to the Eddington limit. Here the spectrum can be intrinsically steep, either because the optical depth in the thermal plasma is close to unity, where radiative transfer effects produce a steep spectrum (Haardt & Maraschi 1993) , and/or because the intrinsic emission from the accretion disc is important, leading to an increase in the cooling and so to a decrease in the electron temperature for a given optical depth, and hence a steeper spectrum (Haardt & Maraschi 1991) . Either way, if the source is at the Eddington limit we expect that the disc will be highly ionized , and there is indeed some evidence for this in the data.
However, a significant fraction of our sample cannot be described in the theoretical disc-corona Comptonization picture, as they have spectra which are apparently intrinsically flatter than IXE = 1. The models tested include reflection, ionized reflection, unobscured reflection, and all ofthe above with ionized absorption. All of these showed clearly that the spectra from NGC 526A, NGC 2110, MCG-5-23-16, NGC 5674 and probably NGC 4507 are best fitted to an intrinsically flat power-law index. These spectra do not statistically require anything other than a single flat power law plus iron K.Hne emission (and iron K edge absorption for NGC 5674), although some reflection (neutral or ionized) is not ruled out by the data and could produce the observed iron line emission in all but the extremely low flux level observation of MCG-5-23-16. Similar flat continua are now being seen by ASCA in other Seyferts (e.g. MCG-2-58-22: Weaver et al. 1995b ). The spectra of these sources are rather reminiscent of the atypical Seyfert galaxy NGC 4151, which has an intrinsically flat spectrum inconsistent with IXE -0.9-1. The variability behaviour of the hard X-rays from these sources is slower than that observed in many Seyfert Is, with 'doubling' timescales of days rather than hours (e.g. Mushotzky 1982 ). Again, this is similar to the variability time-scales observed in NGC 4151 (Tennant & Mushotzky 1982) . is the only flat-spectrum object of our sample to have been observed more than once, but it can be fitted with a power law of energy index that apparently increases as the source brightens, similar to the apparently intrinsic spectral index changes in NGC 4151 . As yet, there is no really satisfactory model to account for the hard X-ray power law in NGC 4151 (and hence in these flat-spectrum Seyfert 2s). The best current models involve optically thick, photon-starved thermal Comptonization and/or a photonstarved non-thermal e± pair model (Zdziarski, Lightman & Maciolek-NiedZwiecki 1993) . If these flat-spectrum Seyfert 2s are analogous to NGC 4151, then this removes the uncomfortable situation in which NGC 4151 is both unique and nearby. Only in the UV band does the similarity break down, as the extremely weak emission from Seyfert 2 galaxies is consistent with it being scattered flux (e.g. Kinney et al. 1991) , whereas NGC 4151 is bright and rapidly variable in the UV (e.g. Clavel et al. 1990) , indicating that the central source can be seen directly. However, having an intrinsically different source geometry/emission mechanism for the flat-spectrum Seyferts is inherently rather disturbing. Either our current theoretical understanding of these sources is inadequate (a truism!) or these objects do indeed have intrinsically steep spectra which are further modified by some physical process( es) not considered here, such as extremely complex absorption.
Finally, the dispersion in the intrinsic spectral shape of Seyfert galaxies has important consequences for models of the X-ray background. Co-adding objects of differing spectral indices produces an inherently curved background spectrum, as flat-spectrum sources dominate preferentially at high energies (and so can easily explain the peak in the CXB: Zdziarski et al. 1995) while steeper objects will contribute only at lower energies.
the Crab: Turner et al. 1989 ). In the highest energy channel used in NGC 526A, the count rate is 1.3 x 10-2 count s-\ so in Nandra & Pounds (1994) the systematic error gives an almost 100 per cent uncertainty on this data point. Using the same systematic error as in Nandra & Pounds (1994) we also find that the line energy is statistically consistent with 6.4 keY. These overly large error bars account for much of their difference in interpretation of more complex fits to the flat-spectrum objects, and they also only consider the significance of the ionized absorption with respect to the power law plus reflection continuum fits, rather than the simple line fits (which have a much lower l in the case of NGC 2110 and MCG-5-23-16). However, even with these enhanced error bars, Nandra & Pounds (1994) find that the data for some of the NELGs are inconsistent with a powerlaw slope of index IXE -0.9.
Only the results for NGC 2992 of Nandra & Pounds are very different from this analysis, with a much steeper power law of IXE» 1, which cannot be explained through background fluctuations. The data for this source were taken in early 1990, when the background of the Ginga LAC was subject to unusual variations, which cannot be easily modelled. This may be the only explanation, and such a conclusion is supported by the high l derived from the fit to the data in Nandra & Pounds (1994) .
In an analysis by Bond et al. (1993) of the 1991 observation of NGC 5506, evidence was provided for partial covering of the hard X-ray source. In this re-analysis of those data, no such component was found to be significant, except in one observation where the covered fraction of the source fell to -80 per cent, rather different from the -60 per cent derived by Bond et al. (1993) . The difference in covered fraction could arise from subtle differences in the background modelling. Bond et al. (1993) use a rather crude method for their analysis, in which the raw background is subtracted from the source data in the corresponding orbit without modelling. Here, in order to determine the background, we make use of data obtained from a period of -1 month either side of the source observation.
APPENDIX B: DATA SELECTION AND BACKGROUND MODELLING
A rigorous data selection policy was adopted in accordance with Nandra & Pounds (1994) . Limits were placed on various housekeeping parameters during the initial extraction of data (Table B1 ; see Hayashida et al. 1989; Nandra 1991) , with SUD (surplus above upper discriminator), COR (charged particle cut-off rigidity) and SOL2 solid state electron monitor limits to avoid periods of high particle background, while contamination from the bright Earth is prevented by restricting the Earth elevation angle (YELEV) to more than 6°. These data are then 'cleaned' (as described by Nandra & Pounds 1994) poor-quality data. Direct contamination from solar X-rays is possible for angles :0;; 90°, leading to an apparent soft Xray excess in the spectrum. Generally all 'daytime' (sunlit) data with angles :0;; 90° are excluded. However, some of the LAC detectors are shadowed from the Sun by the solar panels, so where the Sun angle leads to an unacceptable loss of data (as in NGC 7496) then the shadowed detectors only are used (2, 3 and 4 in this case). Two main methods have been developed for background estimation (Hayashida et al. 1989; Williams et al. 1992) . The 'local' method uses off-source observations taken within 2 d of the on-source observation to estimate the background at the time of observation, while the 'universal' method uses all the off-source observations taken within a contemporary 4-month period to model systematic trends in the particle background levels, and hence to estimate the background level at the time of the source observation. Whilst a quantitative assessment of the quality of the background subtraction is difficult, the large number of backgrounds used in the universal method minimizes the effect of the CXB fluctuations (Hayashida et al. 1989; Williams et al. 1992) . Hence, all but two, Mrk 348 and NGC 7496, of the sample have been analysed using the 'universal' method, although a 'local' background subtraction was performed in order to provide a comparison of the results. Mrk 348 was observed in the first 6 months of satellite operation, where a gradual rise in the background makes the 'universal' method unreliable (Williams et al. 1992) . For NGC 7496 the background data must be taken only from the same detector subset that was used to extract the source data, which is much easier to do with a 'local' background.
